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Introduction: Magnetic resonance imaging (MRI) is an important medical technique for visualizing soft tissue
structures in the body. Reliable and uniform water fat separation can be used to improve medical diagnosis. In
many applications the water component is the primary signal of interest, while the fat component represents a
signal, which can obscure the underlying pathology or other features of interest. In other applications the fat
signal is the signal of interest. Balanced Steady State Free Precession (bSSFP) is a fast acquisition MRI technique
with high signal-to-noise ratio (SNR), but is sensitive to off resonance effects that cause signal modulation and
banding artifacts. These bands of signal loss degrade image quality. Typically, band reduction is achieved by
combining multiple RF phase-cycled bSSFP images that have spatially shifted bands. Dixon reconstruction
techniques take multiple images acquired at select echo times with specific phase properties. Linear combinations
of these images produce separate water and fat images. These two ideas form the basis for Water Fat Separation
with Multiple-Acquisition bSSFP. This algorithm utilizes four phased-cycled bSSFP acquisitions at specific echo
times to generate “in-phase” and “out-of-phase” images. Non-linear combinations of the highest magnitude
signals from these images are used to produce separate water and fat images.
Materials and Methods: Four phase-cycled bSSFP images of oil/water phantom, a knee and a pelvis were
acquired using a 3T Siemens scanner. The common bSSFP parameters for the all images were: flip angle=90
degrees and TR=10ms. The respective parameters for each of the four phase-cycled images (Figure 2a-d) were:
Δφ = 0°, 90°, 180°, 270° and TE = 5ms, 6.17ms, 5ms, and 6.17ms. Images were reconstructed on a voxel-byvoxel basis using the developed algorithm.

Figure 1: In-vivo water fat separation experiment for an axial slice of a pelvis. Example bSSPF phase-cycled image
(left), Fat reconstructed image (center), Water reconstructed image (right)

Results and Discussion: The results for an axial slice of a pelvis are shown in Figure 1. On the left is single
phase-cycled bSSFP image (exhibiting banding artifacts) as a reference. The middle image is the reconstructed fat
image, and the right image is the reconstructed water image. For this set of images, the fat signal is mostly located
around the pelvis, while the water signal appears mostly in center of the image. Note reduction of the fat
component in the water image and the reduction of the water component in the fat image. These results are in
good agreement with theory and show the algorithm is capable of in-vivo water fat separation.
Conclusions: In this work, we present a technique that combines the advantages of bSSFP with Dixon
reconstruction in order to produce robust water fat decomposition with high SNR in a short imaging time, while
simultaneously reducing banding artifacts that traditionally degrade image quality. Future work will focus on
improving the performance of the algorithm in cases of strong magnetic field inhomogeneity, and the partial
volume effect. It is hoped to use of region-growing algorithms to better handle water and fat boundary transitions,
and to better incorporate of phase map data.

